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GLUCAGON RECEPTOR ANTAGONISTS, PREPARATION AND
THERAPEUTIC USES

This patent application claims the benefit of United States Provisional Patent
Application No. 60/739,692 filed November 23, 2005.

This invention relates to compounds that are antagonists or inverse agonists of the
glucagon receptor, and to pharmaceutical compositions thereof, and the uses of these
compounds and compositions in the treatment of the human or animal body. The present
compounds show a high affinity and selective binding for the glucagon receptor, and as
such are useful in the treatment of disorders responsive to the modulation of glucagon
receptors, such as diabetic and other glucagon related metabolic disorders, and the like.

Glucagon is a key hormonal agent that, in cooperation with insulin, mediates
homeostatic regulation of the amount of glucose in the blood. Glucagon primarily acts by
stimulating certain cells (important among these are liver cells) to release glucose when
blood glucose levels fall. The action of glucagon is opposite to that of insulin, which
stimulates cells to take up and store glucose whenever blood glucose levels rise. Both
glucagon and insulin are peptide hormones. Glucagon is produced in the alpha islet cells
of the pancreas and insulin is produced in the beta islet cells. Glucagon exerts its action
by binding to and activating its receptor, which is a member of the Glucagon-Secretin
branch of the 7-transmembrane G-protein coupled receptor family. The receptor
functions by activating the adenylyl cyclase second messenger system resulting in an
increase in cAMP levels. The glucagon receptor, or naturally occurring variants of the
receptor, may possess intrinsic constitutive activity, in vitro, as well as in vivo (i.e.
activity in the absence of an agonist). Compounds acting as inverse agonists can inhibit
this activity. Diabetes mellitus is a common disorder of glucose metabolism. The disease
1s characterized by hyperglycemia and may be classified as type 1 diabetes, the insulin-
dependent form, or type 2 diabetes, which is non-insulin-dependent in character. Subjects
with type 1 diabetes are hyperglycemic and hypoinsulinemic, and the conventional
treatment for this form of the disease is to provide insulin. However, in some patients
with type 1 or type 2 diabetes, absolute or relative elevated glucagon levels have been
shown to contribute to the hyperglycemic state. Both in healthy control animals as well
as in animal models of type 1 and type 2 diabetes, removal of circulating glucagon with

selective and specific antibodies has resulted in reduction of the glycemic level. Mice
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with a homozygous deletion of the glucagon receptor exhibit increased glucose tolerance.
Also, inhibition of glucagon receptor expression using antisense oligonucleotides
ameliorates diabetic syndrome in db/db mice. These studies suggest that glucagon
suppression or an action that antagonizes glucagon could be a useful adjunct to
conventional treatment of hyperglycemia in diabetic patients. The action of glucagon can
be suppressed by providing an antagonist or an inverse agonist, i.e. substances that inhibit
or prevent constituitive, or glucagon-induced, glucagon receptor mediated responses.

Several publications disclose peptides that are stated to act as glucagon
antagonists. Peptide antagonists of peptide hormones are often potent; however they are
generally known not to be orally available because of degradation by physiological
enzymes and poor distribution in vivo. Therefore, orally available non-peptide
antagonists of peptide hormones are generally preferred.

A number of publications have appeared in recent years reporting non-peptide
agents that act at the glucagon receptor. For example, WO 03/048109, WO 2004/002480,
and Kurukulasuriya et al., “Biaryl amide glucagon receptor antagonists” Bioorganic &
Medicinal Chemistry Letters, vol. 14, no. 9, pages 2047-2050, 2004, cach disclose non-
peptide compounds allegedly having glucagon receptor antagonist activity. In spite of the
number of treatments for diseases that involve glucagon, the current therapies suffer from
one or more inadequacies, including poor or incomplete efficacy, unacceptable side
effects, and contraindications for certain patient populations. Thus, there remains a need
for an improved treatment using alternative or improved pharmaceutical agents that
modulate glucagon receptor activity and treat the diseases that could benefit from
glucagon receptor modulation. The present invention provides such a contribution to the
art based on the finding that a novel class of compounds has a high affinity, selective, and
potent inhibitory activity at the glucagon receptor. The present invention is distinct in the

particular structures and their activities.
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SUMMARY OF THE INVENTION

The present invention provides a compound structurally represented by Formula I:

R3 R2 R1

1))
5  orapharmaceutically acceptable salt thereof wherein:

R1 and R2 are independently —H or -halogen;

R3is
-(C,-Cy) alkyl(optionally substituted with 1 to 3 halogens), -(C3-C7)cycloalkyl,
-(C1-Cg)alkyl-(Cs-Cq)cycloalkyl, or -(Cs-C7)cycloalkyl-(C;-Ce)alkyl(optionally

10 substituted with 1 to 3 halogens);

R4 and RS are independently
-H, -halogen, -hydroxy, hydroxymethyl, -CN, -(C,-C-) alkoxy, -(C,-C7)alkenyl, or
-(C-Ce)alkyl (optionally substituted with 1 to 3 halogens);

R6 is

R7

R9

15 R8  wherein the zig-zag mark shows the point of attachment to the

parent molecule;
R7 and R8 are independently
-H, -halogen, -(C,-Cg)alkyl(optionally substituted with 1 to 3 halogens),
-(Ci-Ce)alkoxy, -(Cs-Cr)cycloalkyl, -C(O)R10, -COOR10, -OC(O)R10,
20 -OS(0);R10, -SR10, -S(O)R10, -S(O),R 10, or -O(C,-C7)alkenyl;
R9 is independently
-H, -halogen, -CN, -(C;-C7)cycloalkyl, -C(O)R10, -COOR10, -OC(O)R10,
-OS(0);R10, -SR10, -S(O)R 10, -S(O),R 10, or -O(C,-C7)alkenyl,
-(C,-Cs)alkoxy(optionally substituted with 1 to 3 halogens), or -(C,-Cy) alkyl
25 (optionally substituted with 1 to 3 halogens); and
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R10 is independently at each occurrence

-hydrogen, or -(C,-Cs) alkyl(optionally substituted with 1 to 3 halogens).

The present invention provides compounds that are useful as glucagon receptor
antagonists or inverse agonists. The present invention further provides compounds that
are selective antagonists or inverse agonists of the glucagon receptor over the GLP-1
receptor. The present invention further provides a pharmaceutical composition which
comprises a compound of Formula I, or a pharmaceutical salt thereof, and a
pharmaceutically acceptable carrier, diluent, or excipient. The present invention further
provides methods of using these compounds and compositions in the treatment of
disorders responsive to the modulation of glucagon receptors, such as diabetic and other
glucagon related metabolic disorders.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention provides compounds of Formula I as
described in detail herein. While all of the compounds of the present invention are useful,
certain of the compounds are particularly interesting and are preferred. The following
listing sets out several groups of preferred compounds. It will be understood that each of
the listings may be combined with other listings to create additional groups of preferred
embodiments as indicated herein.

In another embodiment the invention provides a compound of formula I wherein
R1 and R2 are -H;

R3 is

-(C1-Cy) alkyl(optionally substituted with 1 to 3 halogens), -(C3-Cg)cycloalkyl,

-(C1-Cg)alkyl-(Cs-Cg)cycloalkyl, or -(Cs-Ce)cycloalkyl-(C-Cg)alkyl(optionally

substituted with 1 to 3 halogens);

R4 and RS are independently

-H, -halogen, or -(C,-Cg)alkyl (optionally substituted with 1 to 3 halogens);

R6 is

R7

R9

R8  wherein the zig-zag mark shows the point of attachment to the

parent molecule;
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R7 and RS are independently
-H, -halogen, -(C;-Cs)alkyl(optionally substituted with 1 to 3 halogens), or
-(C,-Cs)alkoxy; and
RO is independently
-H, halogen, or -(C;-Cy) alkyl (optionally substituted with 1 to 3 halogens).
In another embodiment the invention provides a compound of formula I wherein
R1 and R2 are —H;
R3is
-(C,-Cs) alkyl(optionally substituted with 1 to 3 halogens), -(C3-Ce)cycloalkyl,
-(C1-Ce)alkyl-(C3-Co)cycloalkyl, or -(C3-Cg)cycloalkyl-(C;-Cg)alkyl(optionally
substituted with 1 to 3 halogens);
R4 and RS are independently
-H, -halogen, or —-CHj; (optionally substituted with 1 to 3 halogens);
R6 is

R7

R9

R8 , wherein the zig-zag mark shows the point of attachment to the

parent molecule;
R7 and R8 are independently -H, or -halogen; and
R9 is independently -(C,-Cg) alkyl (optionally substituted with 1 to 3 halogens).

In another embodiment the invention provides a compound of formula I wherein
R1 and R2 are —H; R3 is -(C;-Cs) alkyl(optionally substituted with 1 to 3 halogens),
-(C3-Cg)cycloalkyl, -(C;-Ce)alkyl-(Cs-Ce)cycloalkyl, or -(Cs-Cg)cycloalkyl-(C;-
Cs)alkyl(optionally substituted with 1 to 3 halogens); R4 and RS are —CH3; (optionally
substituted with 1 to 3 halogens) and each occupies a position adjacent to R6 on the
phenyl ring to which R6 is attached;
R6 is

R7

R9

R8  wherein the zig-zag mark shows the point of attachment to the

parent molecule;
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R7 and RS are -H; and R9 is independently -(C;-Cs) alkyl (optionally substituted with 1
to 3 halogens).

In another embodiment the invention provides a compound of Formula I wherein

R1 and R2 are independently hydrogen or halogen; R3 is methyl, ethyl, propyl,
isopropyl, butyl, pentyl, hexyl, heptyl, octyl, 3,3-dimethylbutyl, 2-methylpropyl, 3-
methyl-butyl, tertbutyl, 4-methylpentyl, 2,2-dimethylpropyl, 3,3,3-trifluoropropyl, 4,4,4-
trifluorbutyl, cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; R4 and RS are
independently hydrogen, methyl, ethyl, tertbutyl, cyclohexyl, pentyl, isopropoxy, chloro,
fluoro, bromo, hydoxy, trifluoromethyl, -CN, methoxy, hydroxymethyl, 4-
methylpentyloxy, or pentyloxy; R7 and R8 are independently hydrogen, fluoro, chloro,
methyl, ethyl, pentyl, isopropyl, tertbutyl, trifluoromethyl, acetyl, 2-methylpropyl,
methoxy, cyclohexyl, or trifluormethoxy; R9 is hydrogen, bromo, fluoro, methyl,
tertbutyl, trifluoromethyl, or isopropyl.

Other embodiments of the invention are provided wherein each of the
embodiments described herein above is further narrowed as described in the following
preferences. Specifically, each of the preferences below is independently combined with
each of the embodiments above, and the particular combination provides another
embodiment in which the variable indicated in the preference is narrowed according to
the preference.

Preferably R1 is —H. Preferably R1 is fluorine. Preferably R1 is chlorine.
Preferably R2 is —H. Preferably R2 is fluorine. Preferably R2 is chlorine. Preferably R1
and R2 are —H. Preferably R1 is fluorine and R2 is fluorine.

Preferably R3 is -(C;-Cs) alkyl(optionally substituted with 1 to 3 halogens).
Preferably R3 is ethyl, propyl, isopropyl, butyl, tertbutyl, 3-methyl-butyl, pentyl, hexyl,
heptyl, octyl, 3,3-dimethylbutyl, 2-methylpropyl, 4-methylpentyl, 2,2-dimethylpropyl,
3,3,3-trifluoropropyl, or 4,4,4-trifluorbutyl. Preferably R3 is isopropyl, butyl, tertbutyl, 3-
methyl-butyl, pentyl, 3,3-dimethylbutyl, 2-methylpropyl, 4-methylpentyl, 2,2-
dimethylpropyl, 3-trifluoropropyl, or 4,4,4-trifluorbutyl. Preferably R3 is isopropyl, 3-
methyl-butyl, trifluoropropyl, or 4,4,4-trifluorbutyl.

Preferably R3 is -(C3-C7)cycloalkyl. Preferably R3 is cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl. Preferably R3 is cyclopropyl. Preferably R3 is cyclobutyl.
Preferably R3 is cyclopentyl. Preferably R3 is cyclohexyl.
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Preferably R3 is -(C,-C¢)alkyl-(Cs-C7)cycloalkyl. Preferably R3 is
-(C1-Cy)alkyl-(Cs-Ce)cycloalkyl. Preferably R3 is -(C;-Cs)alkyl-cyclopropyl. Preferably
R3 is -(C;-Cs)alkyl-cyclobutyl. Preferably R3 is -(C;-Cs)alkyl-cyclopentyl. Preferably R3
is -(C;-Cy)alkyl-cyclohexyl.

Preferably R3 is -(Cs-Cr)cycloalkyl-(C,-Cg)alkyl(optionally substituted with 1 to 3
halogens). Preferably R3 is -cyclopropyl-(C,-Ce)alkyl(optionally substituted with 1 to 3
halogens). Preferably R3 is -cyclobutyl-(C;-Ce)alkyl(optionally substituted with 1 to 3
halogens). Preferably R3 is -cyclopentyl-(C;-Ce)alkyl(optionally substituted with 1 to 3
halogens). Preferably R3 is -cyclohexyl-(C;-Ce)alkyl(optionally substituted with 1 to 3
halogens).

Preferably R4 is -H, -halogen, -hydroxy, hydroxymethyl, or -(C,-Cs)alkyl
(optionally substituted with 1 to 3 halogens). Preferably R4 is -H, -halogen, or
-(C,-Cs)alkyl (optionally substituted with 1 to 3 halogens). Preferably R4 is -H, -halogen,
or -CHj. Preferably R4 is —H. Preferably R4 is fluorine, clhorine, or bromine. Preferably
R4 is -CH3.

Preferably RS is -H, -halogen, -hydroxy, hydroxymethyl, or -(C,-C¢)alkyl
(optionally substituted with 1 to 3 halogens). Preferably RS is -H, -halogen, or
-(C1-Cs)alkyl (optionally substituted with 1 to 3 halogens). Preferably RS is -H, -halogen,
or -CHj. Preferably RS is —H. Preferably RS is fluorine, chlorine, or bromine. Preferably
RS is -CHs.

Preferably R4 and RS are —H. Preferably R4 is halogen and RS is —H. Preferably
R4 is —H and RS is -CH3s. Preferaby R4 and RS are -CH3s. Preferaby R4 and RS are -CHj;
and each occupies occupies a position adjacent to R6 on the phenyl ring to which R6 is
attached.

Preferably R7 is -halogen, -(C;-Ce)alkyl(optionally substituted with 1 to 3
halogens), -(C;-Ce)alkoxy, -(C3-Cs)cycloalkyl, -C(O)R10, -COOR10, -OC(O)R10,
-OS(0);R10, -SR10, -S(O)R10, -S(O),R 10, or -O(C,-C7)alkenyl. Preferably R7 is
-halogen, -(C;-C¢)alkyl(optionally substituted with 1 to 3 halogens), or -(C,-Cs)alkoxy.
Preferably R7 is -H or -halogen. Preferably R7 is -H.

Preferably RS is -halogen, -(C;-Ce)alkyl(optionally substituted with 1 to 3
halogens), -(C,-Ce)alkoxy, -(C3-C7)cycloalkyl, -C(O)R10, -COOR10, -OC(O)R10,
-OS(0);R10, -SR10, -S(O)R10, -S(O),R 10, or -O(C,-C7)alkenyl. Preferably R8 is



10

15

WO 2007/120284 PCT/US2006/061132

8

-halogen, -(C;-Ce)alkyl(optionally substituted with 1 to 3 halogens), or -(C;-Cg)alkoxy.
Preferably RS is -H or -halogen. Preferably R8 is -H. Preferably R7 is —-H and R8 is —H.

Preferably RO is -(C,-Cg) alkyl (optionally substituted with 1 to 3 halogens).
Preferably RO is methyl, ethyl, propyl, isopropyl, butyl, tertbutyl, trifluoromethyl, 3-
methyl-butyl, pentyl, hexyl, 3,3-dimethylbutyl, 2-methylpropyl, 4-methylpentyl, 2,2-
dimethylpropyl, 3-trifluoropropyl, or 4-trifluorbutyl. Preferably R9 is isopropyl, tertbutyl,
or trifluoromethyl.

Preferably R7 is —H, R8 is —H, and R9 is isopropyl, tertbutyl, or trifluoromethyl.

Preferably R10 is independently at each occurrence -(C;-Ce) alkyl(optionally
substituted with 1 to 3 halogens).

Further embodiments of the invention include the compounds of formulae X1 to
X11. A further embodiment of the invention are any novel intermediate preparations
described herein which are useful for preparing the glucagon receptor antagonists or

inverse agonists of formulae I, or X1 to X11.

Table 1
Formula
Structure
Number
) i
X1 Q S \s / N
N =N
N~ NH
N
O
.iQ (o~
X2 S N
\_/ H/\ﬁN\
N~ NH
N
0]
&Q (Lo~
X3 S N
\_/ H/\?N\
N‘\N NH
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Formula Structure
Number
X4 s \S / /\,N\
Ny, NH
s s \S / ’\gN\
Ny, NH
F,C
X6 S O e
Noyy N
F,C
X7 S \S/ TN
Noyy N
F,C
X8 S \S/ e
Neyy N
F,C
o P
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Formula
Structure
Number

X10 s\ m/\ﬁN\NH
N‘\N

FBC fo)
O L

X11

Due to their interaction with the glucagon receptor, the present compounds are
useful in the treatment of a wide range of conditions and disorders in which an interaction
with the glucagon receptor is beneficial. These disorders and conditions are defined
herein as “diabetic and other glucagon related metabolic disorders”. One of skill in the
art is able to identify “diabetic and other glucagon related metabolic disorders” by the
involvement of glucagon receptor mediated signaling either in the pathophysiology of the
disorder, or in the homeostatic response to the disorder. Thus, the compounds may find
use for example to prevent, treat, or alleviate, diseases or conditions or associated
symptoms or sequelae, of the endocrinological system, the central nervous system, the
peripheral nervous system, the cardiovascular system, the pulmonary system, and the
gastrointestinal system, while reducing and or eliminating one or more of the unwanted
side effects associated with the current treatments. “Diabetic and other glucagon related
metabolic disorders” include, but are not limited to, diabetes, type 1 diabetes, type 2
diabetes, hyperglycemia, hyper insulinemia, beta-cell rest, improved beta-cell function by
restoring first phase response, prandial hyperglycemia, preventing apoptosis, impaired
fasting glucose (IFG), metabolic syndrome, hypoglycemia, hyper-/hypokalemia,
normalizing glucagon levels, improved LDL/HDL ratio, reducing snacking, eating
disorders, weight loss, polycystic ovarian syndrome (PCOS), obesity as a consequence of
diabetes, latent autoimmune diabetes in adults (LADA), insulitis, islet transplantation,
pediatric diabetes, gestational diabetes, diabetic late complications, micro-

/macroalbuminuria, nephropathy, retinopathy, neuropathy, diabetic foot ulcers, reduced
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intestinal motility due to glucagon administration, short bowel syndrome, antidiarrheic,
increasing gastric secretion, decreased blood flow, erectile dysfunction, glaucoma, post
surgical stress, ameliorating organ tissue injury caused by reperfusion of blood flow after
ischemia, ischemic heart damage, heart insufficiency, congestive heart failure, stroke,
myocardial infarction, arrythmia, premature death, anti-apoptosis, wound healing,
impaired glucose tolerance (IGT), insulin resistance syndromes, syndrome X,
hyperlipidemia, dyslipidemia, hypertriglyceridemia, hyperlipoproteinemia,
hypercholesterolemia, arteriosclerosis including atherosclerosis, glucagonomas, acute
pancreatitis, cardiovascular diseases, hypertension, cardiac hypertrophy, gastrointestinal
disorders, obesity, diabetes as a consequence of obesity, diabetic dyslipidemia, etc.

In addition, the present invention provides a compound of Formula I, or a
pharmaceutical salt thereof, or a pharmaceutical composition which comprises a
compound of Formula I, or a pharmaceutical salt thereof, and a pharmaceutically
acceptable carrier, diluent, or excipient: for use in inhibiting the glucagon receptor; for
use in inhibiting a glucagon receptor mediated cellular response in a mammal; for use in
reducing the glycemic level in a mammal; for use in treating a discase arising from
excessive glucagon; for use in treating diabetic and other glucagon related metabolic
disorders in a mammal; and for use in treating diabetes, obesity, hyperglycemia,
atheroscelerosis, ischemic heart disease, stroke, neuropathy, and wound healing. Thus, the
methods of this invention encompass a prophylactic and therapeutic administration of a
compound of Formula I.

The present invention further provides the use of a compound of Formula I, or a
pharmaceutical salt thereof for the manufacture of a medicament for inhibiting the
glucagon receptor; for the manufacture of a medicament for inhibiting a glucagon
receptor mediated cellular response in a mammal; for the manufacture of a medicament
for reducing the glycemic level in a mammal; for the manufacture of a medicament for
treating a disease arising from excessive glucagon; for the manufacture of a medicament
for treating diabetic and other glucagon related metabolic disorders in a mammal; and for
the manufacture of a medicament for preventing or treating diabetes, obesity,
hyperglycemia, atheroscelerosis, ischemic heart disease, stroke, neuropathy, and improper

wound healing.
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The present invention further provides a method of treating conditions resulting
from excessive glucagon in a mammal; a method of inhibiting the glucagon receptor in a
mammal; a method of inhibiting a glucagon receptor mediated cellular response in a
mammal; a method of reducing the glycemic level in a mammal; a method of treating
diabetic and other glucagon related metabolic disorders in a mammal; a method of
preventing or treating diabetes, obesity, hyperglycemia, atheroscelerosis, ischemic heart
disease, stroke, neuropathy, and improper wound healing; said methods comprising
administering to a mammal in need of such treatment a glucagon receptor-inhibiting
amount of a compound of Formula I, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition which comprises a compound of Formula I, or a
pharmaceutical salt thereof, and a pharmaceutically acceptable carrier, diluent, or
excipient.

In addition, the present invention provides a pharmaceutical composition which
comprises a compound of Formula I, or a pharmaceutical salt thereof, and a
pharmaceutically acceptable carrier, diluent, or excipient: adapted for use in inhibiting the
glucagon receptor; adapted for use in inhibiting glucagon receptor mediated cellular
responses; adapted for use in reducing the glycemic level in a mammal; adapted for use in
treating diabetic and other glucagon related metabolic disorders in a mammal; and
adapted for use in preventing or treating diabetes, obesity, hyperglycemia, atherosclerosis,
ischemic heart disease, stroke, neuropathy, and wound healing.

The compound or salt of the present invention further provides a diagnostic agent
for identifying patients having a defect in the glucagon receptor, as a therapy to increase
gastric acid secretions, and to reverse intestinal hypomobility due to glucagon
administration. The invention also provides a method for the treatment of disorders or
diseases, wherein a glucagon antagonistic action is beneficial, the method comprising
administering to a subject in need thereof an effective amount of a compound according
to the invention. In another embodiment of the invention, the present compounds are
used for the preparation of a medicament for the treatment of any glucagon-mediated
conditions and diseases. In another embodiment of the invention, the present compounds
are used for the preparation of a medicament for the treatment of hyperglycemia. In yet

another embodiment of the invention, the present compounds are used for the preparation
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of a medicament for lowering blood glucose in a mammal. The present compounds are
effective in lowering the blood glucose, both in the fasting and the postprandial stage.

In still another embodiment of the invention, the present compounds are used for the
preparation of a pharmaceutical composition for the treatment of IGT. In a further
embodiment of the invention, the present compounds are used for the preparation of a
pharmaceutical composition for the treatment of type 2 diabetes. In yet a further
embodiment of the invention the present compounds are used for the preparation of a
pharmaceutical composition for the delaying or prevention of the progression from IGT to
type 2 diabetes. In yet another embodiment of the invention the present compounds are
used for the preparation of a pharmaceutical composition for the delaying or prevention
of the progression from non-insulin requiring type 2 diabetes to insulin requiring type 2
diabetes. In a further embodiment of the invention the present compounds are used for
the preparation of a pharmaceutical composition for the treatment of type 1 diabetes.
Such treatment is normally accompanied by insulin therapy. In yet a further embodiment
of the invention the present compounds are used for the preparation of a pharmaceutical
composition for the treatment of obesity. In still a further embodiment of the invention
the present compounds are used for the preparation of a pharmaceutical composition for
the treatment of disorders of the lipid metabolism. In still another embodiment of the
invention the present compounds are used for the preparation of a pharmaceutical
composition for the treatment of an appetite regulation or energy expenditure disorder. In
a further embodiment of the invention, treatment of a patient with the present compounds
1s combined with diet and/or exercise.

In a further aspect of the invention the present compounds are administered in
combination with one or more further active substances in any suitable ratios. Such
further active substances may for example be selected from antidiabetics, antiobesity
agents, antihypertensive agents, agents for the treatment of complications resulting from
or associated with diabetes and agents for the treatment of complications and disorders
resulting from or associated with obesity. The following listing sets out several groups of
combinations. It will be understood that each of the agents named may be combined with
other agents named to create additional combinations.

Thus, in a further embodiment of the invention the present compounds may be

administered in combination with one or more antidiabetics.
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Suitable antidiabetic agents include insulin, insulin analogues and derivatives such
as those disclosed in EP 792 290 (Novo Nordisk A/S), for example N***-tetradecanoyl
des (B30) human insulin, EP 214 826 and EP 705 275 (Novo Nordisk A/S), for example
Asp828 human insulin, US 5,504,188 (Eli Lilly), for example Lys828 Pro®” human insulin,
EP 368 187 (Aventis), for example Lantus®, which are all incorporated herein by
reference, GLP-1 and GLP-1 derivatives such as those disclosed in WO 98/08871 (Novo
Nordisk A/S), which is incorporated herein by reference, as well as orally active
hypoglycemic agents.

The orally active hypoglycemic agents preferably comprise imidazolines,
sulphonylureas, biguanides, meglitinides, oxadiazolidinediones, thiazolidinediones,
insulin sensitizers, insulin secretagogues, such as glimepiride, a-glucosidase inhibitors,
agents acting on the ATP-dependent potassium channel of the -cells for example
potassium channel openers such as those disclosed in WO 97/26265, WO 99/03861 and
WO 00/37474 (Novo Nordisk A/S) which are incorporated herein by reference, or
mitiglinide, or a potassium channel blocker, such as BTS-67582, nateglinide, GLP-1
antagonists, DPP-IV (dipeptidyl peptidase-IV) inhibitors, PTPase (protein tyrosine
phosphatase) inhibitors, inhibitors of hepatic enzymes involved in stimulation of
gluconeogenesis and/or glycogenolysis, glucose uptake modulators, activators of
glucokinase (GK) such as those disclosed in WO 00/58293, WO 01/44216, WO
01/83465, WO 01/83478, WO 01/85706, WO 01/85707, and WO 02/08209 (Hoffman-La
Roche) or those disclosed in WO 03/00262, WO 03/00267 and WO 03/15774
(AstraZeneca), which are incorporated herein by reference, GSK-3 (glycogen synthase
kinase-3) inhibitors, compounds modifying the lipid metabolism such as antilipidemic
agents such as HMG CoA inhibitors (statins), compounds lowering food intake, PPAR
(Peroxisome proliferator-activated receptor) ligands including the PPAR-alpha, PPAR-
gamma and PPAR-delta substypes, and RXR (retinoid X receptor) agonists, such as
ALRT-268, LG-1268 or LG-1069.

In another embodiment, the present compounds are administered in combination
with insulin or an insulin analogue or derivative, such as N***’-tetradecanoyl des (B30)

B28
P

human insulin, AspB28 human insulin, Lys r0>? human insulin, Lantus®, or a mix-

preparation comprising one or more of these.
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In a further embodiment of the invention the present compounds are administered
in combination with a sulphonylurea such as glibenclamide, glipizide, tolbautamide,
chloropamidem, tolazamide, glimepride, glicazide and glyburide.

In another embodiment of the invention the present compounds are administered
in combination with a biguanide, for example, metformin.

In yet another embodiment of the invention the present compounds are
administered in combination with a meglitinide, for example, repaglinide or nateglinide.

In still another embodiment of the invention the present compounds are
administered in combination with a thiazolidinedione insulin sensitizer, for example,
troglitazone, ciglitazone, piolitazone, rosiglitazone, isaglitazone, darglitazone,
englitazone, CS-011/CI-1037 or T 174 or the compounds disclosed in WO 97/41097, WO
97/41119, WO 97/41120, WO 00/41121 and WO 98/45292 (Dr. Reddy’s Research
Foundation), which are incorporated herein by reference.

In still another embodiment of the invention the present compounds may be
administered in combination with an insulin sensitizer, for example, such as GI 262570,
YM-440, MCC-555, JTT-501, AR-H039242, KRP-297, GW-409544, CRE-16336, AR-
H049020, LY510929, MBX-102, CLX-0940, GW-501516 or the compounds disclosed in
WO 99/19313, WO 00/50414, WO 00/63191, WO 00/63192, WO 00/63193 such as
ragaglitazar (NN 622 or (-)DRF 2725) (Dr. Reddy’s Research Foundation) and WO
00/23425, WO 00/23415, WO 00/23451, WO 00/23445, WO 00/23417, WO 00/23416,
WO 00/63153, WO 63196, WO 00/63209, WO 00/63190 and WO 00/63189 (Novo
Nordisk A/S), which are incorporated herein by reference.

In a further embodiment of the invention the present compounds are administered
in combination with an a-glucosidase inhibitor, for example, voglibose, emiglitate,
miglitol or acarbose.

In another embodiment of the invention the present compounds are administered
in combination with an agent acting on the ATP-dependent potassium channel of the -
cells, for example, tolbutamide, glibenclamide, glipizide, glicazide, BTS-67582 or
repaglinide.

In yet another embodiment of the invention the present compounds may be

administered in combination with nateglinide.
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In still another embodiment of the invention the present compounds are
administered in combination with an antilipidemic agent or antihyperlipidemic agent for
example cholestyramine, colestipol, clofibrate, gemfibrozil, lovastatin, pravastatin,
simvastatin, pitavastatin, rosuvastatin, probucol, dextrothyroxine, fenofibrate or
atorvastin.

In still another embodiment of the invention the present compounds are
administered in combination with compounds lowering food intake.

In another embodiment of the invention, the present compounds are administered
in combination with more than one of the above-mentioned compounds for example in
combination with metformin and a sulphonylurea such as glyburide; a sulphonylurea and
acarbose; nateglinide and metformin; repaglinide and metformin, acarbose and
metformin; a sulfonylurea, metformin and troglitazone; insulin and a sulfonylurea; insulin
and metformin; insulin, metformin and a sulfonylurea; insulin and troglitazone; insulin
and lovastatin; etc.

In a further embodiment of the invention the present compounds may be
administered in combination with one or more antiobesity agents or appetite regulating
agents.

Such agents may be selected from the group consisting of CART (cocaine
amphetamine regulated transcript) agonists, NPY (neuropeptide Y) antagonists, MC4
(melanocortin 4) agonists, MC3 (melanocortin 3) agonists, orexin antagonists, TNF
(tumor necrosis factor) agonists, CRF (corticotropin releasing factor) agonists, CRF BP
(corticotropin releasing factor binding protein) antagonists, urocortin agonists, 33
adrenergic agonists such as CL-316243, AJ-9677, GW-0604, LY362884, LY377267 or
AZ-40140 MSH (melanocyte-stimulating hormone) agonists, MCH (melanocyte-
concentrating hormone) antagonists, CCK (cholecystokinin) agonists, serotonin re-uptake
inhibitors such as fluoxetine, seroxat or citalopram, serotonin and noradrenaline re-uptake
inhibitors, mixed serotonin and noradrenergic compounds, SHT (serotonin) agonists,
bombesin agonists, galanin antagonists, growth hormone, growth factors such as prolactin
or placental lactogen, growth hormone releasing compounds, TRH (thyreotropin releasing
hormone) agonists, UCP 2 or 3 (uncoupling protein 2 or 3) modulators, leptin agonists,
DA agonists (bromocriptin, doprexin), lipase/amylase inhibitors, PPAR (peroxisome

proliferator-activated receptor) modulators, RXR (retinoid X receptor) modulators, TR f3
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agonists, AGRP (Agouti related protein) inhibitors, H3 histamine antagonists, opioid
antagonists (such as naltrexone), exendin-4, GLP-1 and ciliary neurotrophic factor (such
as axokine), cannaboid receptor antagonist for example CB-1 (such as rimonabant). In
another embodiment the antiobesity agent is dexamphetamine or amphetamine. In
another embodiment t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>